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PROBLEM TO BE SOLVED: To provide a separator for a 
fuel cell made from aluminium which has an outstanding 
corrosion resistance. 

SOLUTION: The separator for the fuel cell consists of an 
aluminim metal plate, and has a contact surface with an 
electrode or an electricity collector body and a reaction gas 
aeration slot, and an alumite coat film is formed on the 
surface of the reaction gas aeration slot. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the separator used for a fuel cell, especially the 

mounted fuel cell for power of an automobile. 

[0002] 

[Description of the Prior Art] The energy conversion efficiency of a fuel cell from a fuel to the 
electrical and electric equipment is high, and it attracts attention as a next-generation power plant 
in order not to discharge harmful matter. Especially the macromolecule ion-exchange-membrane 
mold fuel cell that operates in a temperature field 150 degrees C or less is studied briskly, and 
utilization several years after is expected. This fuel cell can operate at comparatively low 
temperature, its output density of a generation of electrical energy is high, and since it can 
miniaturize, it is suitable as a fuel cell home use and for mount. 

[0003] Usually, a macromolecule ion-exchange-membrane mold fuel cell fixes a fuel electrode 
and an oxygen electrode (air electrode) to both sides of a solid-electrolyte membrane, forms a 
cell (eel), and is constituted by carrying out a laminating through the tabular separator which 
prepared the aeration slot which supplies fuel gas and air for this. The fluororesin system ion 
exchange membrane which has a sulfonic group as a solid-electrolyte membrane is used, and an 
electrode is formed by what distributed Repellent PTFE and the noble-metals particle catalyst to 
carbon black. In case a hydrogen-oxygen fuel cell operates, the proton which hydrogen gas 
oxidized and was produced advances into an electrolyte, combines with a water molecule, 
becomes H30+, and moves to a positive-electrode side. In a positive-electrode side, the oxygen 
introduced from the aeration slot obtains the electron generated by oxidation reaction of 
hydrogen, combines with the proton in an electrolyte, and serves as water. Electrical energy can 
be continuously taken out by continuing these reaction processes. Although the theoretical 
electromotive force of this cell is 1.2V, it is the causes, such as a voltage drop by the contact 
resistance of polarization of an electrode, the crossover (phenomenon in which fuel gas 
penetrates an electrolyte and leaks to an air electrode) of reactant gas, an electrode, and a charge 
collector, actually, and output voltage is about 0.6-0.8V. Therefore, in order to obtain a practical 
output, it is necessary to carry out the stack of dozens of cells through a separator, and to connect 
in serial. 

[0004] Since H+ exists so much in an electrolyte so that the above-mentioned generation-of- 
electrical-energy principle may show, water or a steam serves as [ near / which exist so much / 
the interior of an electrolyte, and near the electrode ] strong acid nature. Moreover, although 
oxygen combines with H+ by the positive-electrode side and water is generated, a hydrogen 
peroxide may generate depending on the operating state of a cell. Since a separator is built into 
the bottom of such an environment, in addition to electrical conductivity and airtightness, it is 



required that it should have high chemistry and electrochemical stability (corrosion resistance). 
[0005] Many of conventional separators for fuel cells machine a graphite plate. Mechanical 
strength is low and a graphite separator has high processing cost, while electric resistance is low 
and corrosion resistance is high. It is difficult to apply the present graphite separator to the fuel 
cell for mount as it is, since for the separator used for the fiiel cell for mount to have high 
mechanical strength, and to be able to process it by low cost is demanded. Although the method 
of manufacturing a separator by mixing with resin, injection molding graphite powder, and 
carrying out elevated-temperature baking further in recent years is examined, since the 
consistency of the baking object acquired is low, there is a problem that airtightness is bad. A 
production process becomes complicated although it is possible to raise a consistency by being 
immersed and carbonization re-calcinating this separator by resin. In addition, the contact 
electricity resistance of the separator manufactured in this way is several times as strong as the 
conventional graphite separator, and output voltage lowering of a cell is not avoided. 
[0006] The separator which consists of a metal in addition to a graphite separator is also 
examined. Bulk electric resistance is low, a metal separator has high airtightness and high 
mechanical strength, and reduction of processing cost is easy for it. Moreover, since thickness of 
a separator can be made thin, a miniaturization is easy. Furthermore, if a low-specific-gravity 
metallic material like aluminum is used, a fuel cell can be lightweight-ized further. However, in a 
metal separator, there is a problem of being easy to corrode the metal of a base material itself. It 
is reported that especially an aluminum base material has a dramatically large corrosion rate 
(R.L.Rorup, et ah, Mater.Res.Soc.Symp.Proc, 393 (1995), etc.). Moreover, when the metal ion 
generated by corrosion advances into an electrolyte membrane, there is a possibility of 
membranous ion conductivity falling and affecting the engine performance of a cell. 
[0007] JP,1 1-162478,A is indicating the technique of improving corrosion resistance by plating 
noble metals on all the front faces of a metal separator. Although this technique is satisfactory 
about the separator engine performance, it causes high cost-ization and is not practical. Although 
it is necessary to make a noble-metals deposit thin for cost reduction, if thickness is made thin in 
the case of wet plating, a detailed pinhole will occur and it will become the cause of corrosion, 
and in dry type plating, productive efficiency will be bad (vacuum evaporationo, spatter, etc.), 
and the homogeneity of a coat will also get worse. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention is offering the 
separator for the fuel cells made from aluminum which has the outstanding corrosion resistance. 
[0009] 

[Means for Solving the Problem] In view of the above-mentioned technical problem, 
wholeheartedly, as a result of research, the separator for the fuel cells made from aluminum with 
which this invention persons prepared the alumite coat in the part discovered that the outstanding 
corrosion resistance was shown, and hit on an idea of it to this invention. 
[0010] That is, the separator for fuel cells of this invention consists of an aluminum metal plate, 
and it has the contact surface and a reactant gas aeration slot with an electrode or a charge 
collector, and is characterized by forming the alumite coat in the front face of this reactant gas 
aeration slot. 

[001 1] Moreover, the separator of this invention shows the further excellent corrosion resistance 
by filling following condition (1) - (8). 

(1) It is desirable to form a conductive film in the contact surface with an electrode or a charge 
collector. 



(2) As for a conductive film, it is desirable to consist of the metal chosen from the group which 
consists of Pt, Au, Pd 5 Ru, Rh, Ir, and Ag or its alloy, carbon, or conductive carbide. 

(3) As for the porosity of an alumite coat, it is desirable that it is 5% or less. 

(4) As for the thickness of an alumite coat, it is desirable that it is 5-50 micrometers. 

(5) As for an alumite coat, it is desirable to be constituted by the porosity alumite coat of 10% or 
more of porosity formed the substantia-compacta alumite coat of 5% or less of porosity and on it. 

(6) As for the corner which reactant gas aeration Mizouchi's wall surfaces make, it is desirable to 
have the shape of a curved surface which has the radius of curvature of 0.5mm or more. 

(7) As for the corner which the side face and the above-mentioned contact surface of a reactant 
gas aeration slot make, it is desirable to have the shape of a curved surface which has the radius 
of curvature of 0.3mm or more. 

(8) As for the purity of an aluminum metal plate, it is desirable that it is 99.5% or more. 
[0012] 

[Embodiment of the Invention] The separator for fuel cells of this invention consists of an 
aluminum metal plate, and the alumite coat is formed in the part. By using an aluminum metal as 
a base material, lightweight-izing of a separator and improvement in electrical conductivity and 
the earthquake-proof engine performance can be aimed at. The separator of this invention can be 
used for various fuel cells, and can be used especially suitable for the mounted fuel cell for 
power of an automobile. Hereafter, although the separator of this invention is explained in full 
detail using drawing 1 -4, this invention is not limited to them, but unless the meaning of this 
invention is changed, it can add various modification. 

[0013] Drawing 1 is the partial schematic diagram showing an example of the fuel cell 
containing the separator for fuel cells by one example of this invention. The fuel cell of drawing 
1 carries out the laminating of the cell 1 which consists of the anode 3 and cathode 4 which were 
formed in a solid electrolyte 2 and its both sides through a separator 5, and is constituted. The 
ends of a laminating are connected to an external circuit (not shown). 
[0014] The separator of this invention has the contact surface with an electrode or a charge 
collector. The configuration of this contact surface is not limited by drawing 1 that what is 
necessary is just the configuration where it was suitable in order to contact the electrode of a fuel 
cell or the carbon paper of a primary charge collector, a carbon cross, etc. 
[0015] As shown in drawing 1 , the separator 5 of this invention has the reactant gas aeration 
slots 8 and 9. Fuel gas is supplied to the reactant gas aeration slot 9 and the path formed with an 
anode 3, and oxidant gas is supplied to the reactant gas aeration slot 8 and the path formed by the 
cathode 4. What is necessary is just to form the reactant gas aeration slots 8 and 9 in a 
predetermined pattern by approaches, such as machining, a press, precision casting, chemical 
polishing (etching), and electrolytic polishing. Although the configuration of a reactant gas 
aeration slot was made horseshoe-shaped by drawing 1 , especially if it is a configuration which 
can form the path for reactant gas in the part which touches an electrode, it will not be limited, 
but it is small, and it is desirable to set up so that generation efficiency may become high. [ of 
reactant gas ventilation resistance ] Usually, as for each reactant gas aeration tooth depth, it is 
desirable to be referred to as 0.2-2mm, and, as for width of face, it is desirable to be referred to 
as 0.5-5mm. 

[0016] In this invention, in order to secure the corrosion resistance of a separator, the stable 
alumite coat 6 is formed in the front face of the above-mentioned reactant gas aeration slot which 
does not contact an electrode etc. chemically and physically. An alumite coat should just form a 
gamma-alumina coat in a base material front face by being able to form with an anode oxidation 



method etc., for example, electrolyzing, using water solutions, such as oxalic acid, a sulfuric acid, 
and a chromic acid, as the electrolytic solution. 

[0017] By choosing anodic oxidation conditions suitably, a precise hard-anodic-oxidation- 
coatings coat can be formed, and it is possible to aim at much more corrosion-resistant 
improvement. Moreover, if it processes with a boiling water or a steam after performing 
anodizing, micropore peculiar to an alumite coat can be closed and corrosion resistance can be 
improved further. As for the porosity of an alumite coat, considering as 5% or less is desirable. 
Moreover, as for the thickness of an alumite coat, it is desirable to be referred to as 5-50 
micrometers, and it is more desirable to be referred to as 10-30 micrometers. 
[0018] It is also possible to form detailed vertical pore and a spongy porous layer in an alumite 
coat. As this invention shows to drawing 2 , it is desirable from a viewpoint of corrosion- 
resistant prolonged maintenance to constitute the alumite coat 6 of a separator 5 from a porosity 
alumite coat 10 formed the substantia-compacta alumite coat 1 1 and on it. As for the porosity of 
this substantia-compacta alumite coat, considering as 5% or less is desirable, and, as for the 
porosity of a porosity alumite coat, considering as 10% or more is desirable. In this case, as for 
the thickness of a substantia-compacta alumite coat, it is desirable to be referred to as 2-30 
micrometers, and, as for the thickness of a porosity alumite coat, it is desirable to be referred to 
as 5-50 micrometers. Although it is thought that the cause of corrosion-resistant degradation of 
an alumite coat is the crack and exfoliation which are generated when a coat carries out swelling 
growth in a steam and produces film distortion, film distortion can be eased by forming the 
above porosity alumite coats. 

[0019] If there are many impurities in an aluminum base material, the homogeneity of an alumite 
coat will get worse and a consistency will become low. Furthermore, in such a case, once a coat 
is formed, the effectiveness of eburnation processing using a boiling water, a steam, etc. will 
become small. Therefore, as for the purity of the aluminum metal used for the separator of this 
invention, it is desirable that it is 99.5% or more, and it is more desirable that it is 99.9% or more. 
Moreover, although especially the thickness of an aluminum base material is not limited, when 
using for the fuel cell for mount, it is desirable to be referred to as 0.5-3mm. 
[0020] In this invention, as shown in drawing 1 , it is desirable to form a conductive film 7 in the 
contact surface (electric conduction side) with an electrode or a charge collector. That is, all the 
front faces of the separator of this invention have that desirable of a wrap by the non-conductive 
alumite coat and the conductive film. 

[0021] As for a conductive film, it is desirable to form using the ingredient which has the good 
corrosion resistance of electrical conductivity, and it is more desirable to form with the metal 
chosen from the group which consists of Pt, Au, Pd, Ru, Rh, Ir, and Ag or its alloy, carbon, or 
conductive carbide. Contact resistance of corrosion resistance is [ noble-metals system coats, 
such as Au, Ag, Pt, and Pd, ] very good low. As carbon, the graphite film by CVD, the DLC film 
(diamond-like carbon film), etc. are desirable. Moreover, what added water repellent may be 
applied to graphite powder. Contact concordance is good when an electrode becomes carbon 
black from what added Pt of a minute amount, and a carbon coat is used. As conductive carbide, 
silicon carbide, carbonization niobium, tungsten carbide, etc. are desirable. Since it contact 
resistance is not only small, but has good corrosion resistance and good oxidation resistance, a 
carbide coat acts also as a protective coat of a separator. 

[0022] A conductive film can be formed by approaches, such as a spatter, electroplating, wet 
plating, and CVD. Moreover, as for the thickness of a conductive film, it is desirable to be 
referred to as 0.01-5 micrometers. If thickness is smaller than 0.01 micrometers, film 



reinforcement is weakly unstable, and since cost will become high if larger than 5 micrometers, 
it is not desirable. 

[0023] In case a separator is incorporated into a fuel cell, in order to raise airtightness and the 
contact nature of a current carrying part generally, it binds tight along the direction of a stack. At 
this time, the planar pressure force becomes about l-10kg/cm2. Moreover, the operating 
temperature of a fuel cell is usually about 80-120 degrees C, and thermal expansion deformation 
of the separator by the temperature change takes place in many cases. On the alumite coat of the 
part which tends to require stress, it is easy to generate a crack and breakage, and, thereby, 
corrosion resistance may fall substantially. Therefore, in order to ease stress in this invention, as 
for the corner (R shows among drawing 3 ) which reactant gas aeration Mizouchi's wall surfaces 
make, considering as the shape of a curved surface is desirable. As for the radius of curvature of 
this curved surface, it is desirable to be referred to as 0.5mm or more, and it is more desirable to 
be referred to as 1 .0mm or more. 

[0024] It is easy to concentrate stress on the boundary section of the above-mentioned alumite 
coat and a conductive film. Moreover, in case two kinds of this coat is formed, in order for a coat 
to grow perpendicularly to a base material front face and not to grow up to be a longitudinal 
direction, it is very easy to damage the alumite coat of the above-mentioned boundary section. 
Therefore, as for the corner (R shows among drawing 4 ) which the internal side face and the 
above-mentioned contact surface of a gas aeration slot make in this invention, considering as the 
shape of a curved surface is desirable. As for the radius of curvature of this curved surface, it is 
desirable to be referred to as 0.3mm or more, and it is more desirable to be referred to as 0.5mm 
or more. Moreover, it is thought that the effectiveness which eases the film distortion originating 
in swelling growth of the above-mentioned alumite coat by doing in this way is also acquired. 
[0025] 

[Example] Hereafter, although an example explains this invention to a detail more, this invention 
is not limited to them. 

[0026] The reactant gas aeration slot with a depth [ of 1 .0mm ] and a width of face of 3.0mm was 
formed in the aluminum metal plate (lmmxl50mmx 150mm) of 99.6% of one to example 1 and 
example of comparison 3 purity by press working of sheet metal, and the separator base material 
was produced to it. This base material was anodized in the oxalic acid water solution, and, 
subsequently to ebullition underwater, it was immersed for 30 minutes, and it dried and the 
alumite coat of 12 micrometers of thickness was formed in the base material front face. Next, in 
order to raise the display flatness of the electrode contact surface of a separator, wrapping polish 
was carried out and the electrode contact surface was washed. The alumite coat formed on the 
electrode contact surface of this process is removed. Then, among the pure argon gas ambient 
atmosphere of 5mTorr, the spatter of the Au was carried out to the electrode contact surface, 
having used base material temperature as 200 degrees C, the conductive film was formed, and 
the separator by one example of this invention was produced. In addition, the thickness of a 
conductive film was about 1 micrometer. 

[0027] the carbon black of the 100 weight sections Pt paste (Pt:90 % of the weight) of 1 5 
weight sections ~ adding - further - the Teflon (trademark) particle (mean particle diameter: 
0.2 micrometers) of 15 weight sections was added as water repellent, and the paste for electrodes 
was prepared. This paste for electrodes was applied to the proton conductivity solid polymer 
electrolyte film (Nafion), and it dried. This was inserted by the carbon cross, it put with the 
above-mentioned separator of two more sheets, and the fuel cell (cell) of an example 1 was 
produced. The bolting pressure of a separator was made into 10kg/cm2. 



[0028] The fuel cell of the example 1 of a comparison using the separator made from a graphite 
and the fuel cell of the example 2 of a comparison using the separator made from stainless steel 
(SUS304) were produced like the production approach of the fuel cell of the above-mentioned 
example 1, respectively. Moreover, the fuel cell of the example 3 of a comparison was produced 
like the above-mentioned example 1 except not forming an alumite coat. In addition, the 
conductive film which consists of Au like the above-mentioned example 1 was formed in the 
electrode contact surface of the separator used in the examples 2 and 3 of a comparison. 
[0029] The simulation fuel gas (70% H 2 or 15%C02, 15%H20) humidified into the reactant 
gas aeration slot by the side of an anode was supplied to the fuel cell (single eel) of the acquired 
example 1 and the examples 1-3 of a comparison, air was supplied to the cathode side aeration 
slot as an oxidizer, and the stability of the generation-of-electrical-energy engine performance of 
each fuel cell was evaluated. The corrosion-proof situation of the separator after actuation is 
collectively shown in a table 1 for the separator base material of each fuel cell, an initial 
generation-of-electrical-energy electrical potential difference, the generation-of-electrical-energy 
electrical potential difference after the actuation during ten days, and ten days. 
[0030] 
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[0031] The separator of this invention which consists of an aluminum metal plate which prepared 
the alumite coat shows the outstanding corrosion resistance, and a table 1 shows that the fuel cell 
of an example 1 using this separator shows high generation-of-electrical-energy engine- 
performance stability. 

[0032] The fuel cell of Examples 2a-2r and the example 4 of a comparison was produced like the 
above-mentioned example 1 , respectively except having used each ingredient shown in a table 2 
as an ingredient of example 2 and example of comparison 4 conductive film. However, when 
forming the conductive film of carbon (example 2q) and conductive carbide SiC (example 2r), 
Ar (30mTorr) was used as sputtering gas using the target of a coat presentation. The simulation 
fuel gas (70% H 2 or 20%CO2, 10%H2O) humidified in the reactant gas aeration slot by the side 
of an anode to the fuel cell (single eel) of the examples 1 and 4 of a comparison was supplied to 
obtained example 2a - 2r list, air was supplied to the cathode side aeration slot as an oxidizer, 
and the stability of the generation-of-electrical-energy engine performance of each fuel cell was 
evaluated. The corrosion-proof situation of the separator after actuation is collectively shown in a 
table 2 for the ingredient of the conductive film of each fuel cell, an initial generation-of- 
electrical-energy electrical potential difference, the generation-of-electrical-energy electrical 
potential difference after the actuation during ten days, and ten days. 
[0033] 
[A table 2] 
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[0034] The separator made from aluminum of this invention which has the desirable conductive 
film mentioned above shows the outstanding corrosion resistance, and a table 2 shows that the 
fuel cell of Examples 2a-2r using this separator shows high generation-of-electrical-energy 
engine-performance stability. 

[0035] The fuel cell of Examples 3a-3j was produced like the above-mentioned example 1, 
respectively except having changed, as the porosity of an example 3 alumite coat was shown in a 
table 3 by changing formation conditions. The stability of the generation-of-electrical-energy 
engine performance of the fuel cell (single eel) of the acquired examples 3a-3j was similarly 
estimated as the above-mentioned example 2. The corrosion-proof situation of the separator after 
actuation is collectively shown in a table 3 for the porosity of the alumite coat of each fuel cell, 
an initial generation-of-electrical-energy electrical potential difference, the generation-of- 
electrical-energy electrical potential difference after the actuation during ten days, and ten days. 
[0036] 
[A table 3] 
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[0037] From a table 3, the porosity of the alumite coat which the separator of this invention has 
is understood that it is desirable that it is 5.06% or less, and it is more desirable that it is 2.01% 
or less. 

[0038] The fuel cell of Examples 4a-4j was produced like the above-mentioned example 1, 
respectively except having changed, as the thickness of an example 4 alumite coat was shown in 
a table 4 by adjusting film formation time amount. In addition, the porosity of an alumite coat 
was made into about 1.25%. The stability of the generation-of-electrical-energy engine 
performance of the fuel cell (single eel) of the acquired examples 4a-4j was similarly estimated 
as the above-mentioned example 2. The corrosion-proof situation of the separator after actuation 
is collectively shown in a table 4 for the thickness of the alumite coat of each fuel cell, an initial 
generation-of-electrical-energy electrical potential difference, the generation-of-electrical-energy 
electrical potential difference after the actuation during ten days, and ten days. 
[0039] 
[A table 4] 
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[0040] It turns out that it is desirable that it is 4.8-5 1 .5 micrometers as for the thickness of the 
alumite coat which the separator of this invention has, and it is more more desirable than a table 
4 that it is 9.7-33.1 micrometers. 

[0041] By changing an electrolytic condition during formation of an example 5 alumite coat, 
membranous porosity was changed from the middle and the Examples [ 5a-5g ] fuel cell was 
produced like the above-mentioned example 1, respectively except having formed the porosity 
alumite coat (thickness: about 10-30 micrometers) which has the porosity shown in a table 5 on 
the substantia-compacta alumite coat. In addition, the thickness of a substantia-compacta alumite 
coat set to about 15 micrometers, and porosity was made into 1 .25%. The stability of the 
generation-of-electrical-energy engine performance of an examples [ which were acquired / 5a- 
5g ] fuel cell (single eel) was similarly estimated as the above-mentioned example 2. However, 
assessment was performed for 36 days. The corrosion-proof situation of the separator after 
actuation is collectively shown in a table 5 for the porosity of the porosity alumite coat of each 
fuel cell, an initial generation-of-electrical-energy electrical potential difference, the generation- 
of-electrical-energy electrical potential difference after the actuation during 36 days, and 36 days. 



[0042] 
[A table 5] 
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[0043] From a table 5, when a substantia-compacta alumite coat and a porosity alumite coat 
constitute the alumite coat of the separator of this invention, the porosity of a porosity alumite 
coat is understood that it is desirable that it is 9.4% or more, and it is more desirable that it is 
19.4% or more. Moreover, in the alumite coat with which corrosion was seen, it checked that the 
corrosion section existed on the outskirts of a crack of a coat. 

[0044] The Examples [ 6a-6g ] fuel cell was produced like the above-mentioned example 1, 
respectively except having considered as the shape of a curved surface which has the radius of 
curvature which shows the corner which example 6 reactant-gas aeration Mizouchi's wall 
surfaces make in a table 6. In addition, thickness of an alumite coat was set to about 15 
micrometers, and porosity was made into 1.25%. The stability of the generation-of-electrical- 
energy engine performance of an examples [ which were acquired / 6a-6g ] fuel cell (single eel) 
was similarly estimated as the above-mentioned example 2. However, assessment was performed 
for 34 days. The corrosion-proof situation of the separator after actuation is collectively shown in 
a table 6 for the above-mentioned radius of curvature of each fuel cell, and 34 days. 
[0045] 
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[0046] From a table 6, the above-mentioned radius of curvature of the separator of this invention 
is understood that it is desirable that it is 0.5mm or more, and it is more desirable that it is 1 .0mm 
or more. Moreover, in the alumite coat with which corrosion was seen, it checked that the 
corrosion section existed on the outskirts of a crack of the coat in the acute-angle processing 
section. 

[0047] The Examples [ 7a-7g ] fuel cell was produced like the above-mentioned example 1, 
respectively except having considered as the shape of a curved surface which has the radius of 
curvature which shows the corner which the side face and the electrode contact surface of an 
example 7 reactant-gas aeration slot make in a table 7. In addition, the corner which reactant gas 
aeration Mizouchi's wall surfaces make considered as the shape of a curved surface, and the 
radius of curvature of the curved surface was fixed to 1.0mm. Moreover, thickness of an alumite 
coat was set to about 15 micrometers, and porosity was made into 1.25%. The stability of the 
generation-of-electrical-energy engine performance of an examples [ which were acquired / 7a- 
7g ] fuel cell (single eel) was similarly estimated as the above-mentioned example 2. However, 
assessment was performed for 34 days. The corrosion-proof situation of the separator after 
actuation is collectively shown in a table 7 for the radius of curvature of the corner curved 
surface which the side face and the electrode contact surface of a reactant gas aeration slot of 



each fuel cell make, an initial generation-of-electrical-energy electrical potential difference, the 
generation-of-electrical-energy electrical potential difference of 34 days after, and 34 days. 
[0048] 
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[0049] From a table 7, the above-mentioned radius of curvature of the separator of this invention 
is understood that it is desirable that it is 0.3mm or more, and it is more desirable that it is 0.5mm 
or more. Moreover, in the alumite coat with which corrosion was seen, it checked that the 
corrosion section existed on the outskirts of a crack of the coat in the acute-angle processing 
section. 

[0050] The Examples [ 8a-8f ] fuel cell was produced like the above-mentioned example 1, 
respectively except having changed the purity of an example 8 aluminum base material, as 
shown in a table 8. The stability of the generation-of-electrical-energy engine performance of an 
examples [ which were acquired / 8a-8f ] fuel cell (single eel) was similarly estimated as the 
above-mentioned example 1 . However, assessment was performed for 12 days. The corrosion- 
proof situation of the separator after actuation is collectively shown in a table 8 for the purity of 
the aluminum base material of each fuel cell, an initial generation-of-electrical-energy electrical 
potential difference, the generation-of-electrical-energy electrical potential difference of 12 days 
after, and 12 days. 
[0051] 
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[0052] From a table 8, the purity of the aluminum base material used for the separator of this 



invention is understood that it is desirable that it is 99.50% or more, and it is more desirable that 

it is 99.90% or more. 

[0053] 

[Effect of the Invention] As explained in full detail above, the separator for fuel cells of this 
invention is dramatically lightweight in order to use aluminum as a principal component, and 
mass production nature can reduce processing cost highly compared with the conventional 
separator made from a graphite. Furthermore, in this invention, the separator made from 
aluminum which shows the outstanding corrosion resistance can be obtained by forming an 
alumite coat suitably on a base material. The fuel cell using the separator of this invention has 
high generation-of-electrical-energy engine-performance stability. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the separator used for a fuel cell, especially the 
mounted fuel cell for power of an automobile. 



PRIOR ART 



[Description of the Prior Art] The energy conversion efficiency of a fuel cell from a fuel to the 
electrical and electric equipment is high, and it attracts attention as a next-generation power plant 
in order not to discharge harmful matter. Especially the macromolecule ion-exchange-membrane 
mold fuel cell that operates in a temperature field 150 degrees C or less is studied briskly, and 
utilization several years after is expected. This fuel cell can operate at comparatively low 
temperature, its output density of a generation of electrical energy is high, and since it can 
miniaturize, it is suitable as a fuel cell home use and for mount. 

[0003] Usually, a macromolecule ion-exchange-membrane mold fuel cell fixes a fuel electrode 
and an oxygen electrode (air electrode) to both sides of a solid-electrolyte membrane, forms a 
cell (eel), and is constituted by carrying out a laminating through the tabular separator which 
prepared the aeration slot which supplies fuel gas and air for this. The fluororesin system ion 
exchange membrane which has a sulfonic group as a solid-electrolyte membrane is used, and an 
electrode is formed by what distributed Repellent PTFE and the noble-metals particle catalyst to 
carbon black. In case a hydrogen-oxygen fuel cell operates, the proton which hydrogen gas 
oxidized and was produced advances into an electrolyte, combines with a water molecule, 
becomes H30+, and moves to a positive-electrode side. In a positive-electrode side, the oxygen 
introduced from the aeration slot obtains the electron generated by oxidation reaction of 
hydrogen, combines with the proton in an electrolyte, and serves as water. Electrical energy can 
be continuously taken out by continuing these reaction processes. Although the theoretical 
electromotive force of this cell is 1.2V, it is the causes, such as a voltage drop by the contact 
resistance of polarization of an electrode, the crossover (phenomenon in which fuel gas 
penetrates an electrolyte and leaks to an air electrode) of reactant gas, an electrode, and a charge 
collector, actually, and output voltage is about 0.6-0.8V. Therefore, in order to obtain a practical 
output, it is necessary to carry out the stack of dozens of cells through a separator, and to connect 
in serial. 

[0004] Since H+ exists so much in an electrolyte so that the above-mentioned generation-of- 
electrical-energy principle may show, water or a steam serves as [ near / which exist so much / 
the interior of an electrolyte, and near the electrode ] strong acid nature. Moreover, although 



oxygen combines with H+ by the positive-electrode side and water is generated, a hydrogen 
peroxide may generate depending on the operating state of a cell. Since a separator is built into 
the bottom of such an environment, in addition to electrical conductivity and airtightness, it is 
required that it should have high chemistry and electrochemical stability (corrosion resistance). 
[0005] Many of conventional separators for fuel cells machine a graphite plate. Mechanical 
strength is low and a graphite separator has high processing cost, while electric resistance is low 
and corrosion resistance is high. It is difficult to apply the present graphite separator to the fuel 
cell for mount as it is, since for the separator used for the fuel cell for mount to have high 
mechanical strength, and to be able to process it by low cost is demanded. Although the method 
of manufacturing a separator by mixing with resin, injection molding graphite powder, and 
carrying out elevated-temperature baking further in recent years is examined, since the 
consistency of the baking object acquired is low, there is a problem that airtightness is bad. A 
production process becomes complicated although it is possible to raise a consistency by being 
immersed and carbonization re-calcinating this separator by resin. In addition, the contact 
electricity resistance of the separator manufactured in this way is several times as strong as the 
conventional graphite separator, and output voltage lowering of a cell is not avoided. 
[0006] The separator which consists of a metal in addition to a graphite separator is also 
examined. Bulk electric resistance is low, a metal separator has high airtightness and high 
mechanical strength, and reduction of processing cost is easy for it. Moreover, since thickness of 
a separator can be made thin, a miniaturization is easy. Furthermore, if a low-specific-gravity 
metallic material like aluminum is used, a fuel cell can be lightweight-ized further. However, in a 
metal separator, there is a problem of being easy to corrode the metal of a base material itself. It 
is reported that especially an aluminum base material has a dramatically large corrosion rate 
(R.L.Rorup, et al., Mater.Res.Soc.Symp.Proc, 393 (1995), etc.). Moreover, when the metal ion 
generated by corrosion advances into an electrolyte membrane, there is a possibility of 
membranous ion conductivity falling and affecting the engine performance of a cell. 
[0007] JP,1 1-1 62478, A is indicating the technique of improving corrosion resistance by plating 
noble metals on all the front faces of a metal separator. Although this technique is satisfactory 
about the separator engine performance, it causes high cost-ization and is not practical. Although 
it is necessary to make a noble-metals deposit thin for cost reduction, if thickness is made thin in 
the case of wet plating, a detailed pinhole will occur and it will become the cause of corrosion, 
and in dry type plating, productive efficiency will be bad (vacuum evaporationo, spatter, etc.), 
and the homogeneity of a coat will also get worse. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained in full detail above, the separator for fuel cells of this 
invention is dramatically lightweight in order to use aluminum as a principal component, and 
mass production nature can reduce processing cost highly compared with the conventional 
separator made from a graphite. Furthermore, in this invention, the separator made from 
aluminum which shows the outstanding corrosion resistance can be obtained by forming an 
alumite coat suitably on a base material. The fuel cell using the separator of this invention has 
high generation-of-electrical-energy engine-performance stability. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Therefore, the object of this invention is offering the 
separator for the fuel cells made from aluminum which has the outstanding corrosion resistance. 



MEANS 



[Means for Solving the Problem] In view of the above-mentioned technical problem, 
wholeheartedly, as a result of research, the separator for the fuel cells made from aluminum with 
which this invention persons prepared the alumite coat in the part discovered that the outstanding 
corrosion resistance was shown, and hit on an idea of it to this invention. 
[0010] That is, the separator for fuel cells of this invention consists of an aluminum metal plate, 
and it has the contact surface and a reactant gas aeration slot with an electrode or a charge 
collector, and is characterized by forming the alumite coat in the front face of this reactant gas 
aeration slot. 

[001 1] Moreover, the separator of this invention shows the further excellent corrosion resistance 
by filling following condition (1) - (8). 

(1) It is desirable to form a conductive film in the contact surface with an electrode or a charge 
collector. 

(2) As for a conductive film, it is desirable to consist of the metal chosen from the group which 
consists of Pt, Au, Pd, Ru, Rh, Ir, and Ag or its alloy, carbon, or conductive carbide. 

(3) As for the porosity of an alumite coat, it is desirable that it is 5% or less. 

(4) As for the thickness of an alumite coat, it is desirable that it is 5-50 micrometers. 

(5) As for an alumite coat, it is desirable to be constituted by the porosity alumite coat of 10% or 
more of porosity formed the substantia-compacta alumite coat of 5% or less of porosity and on it. 

(6) As for the corner which reactant gas aeration Mizouchi's wall surfaces make, it is desirable to 
have the shape of a curved surface which has the radius of curvature of 0.5mm or more. 

(7) As for the corner which the side face and the above-mentioned contact surface of a reactant 
gas aeration slot make, it is desirable to have the shape of a curved surface which has the radius 
of curvature of 0.3mm or more. 

(8) As for the purity of an aluminum metal plate, it is desirable that it is 99.5% or more. 
[0012] 

[Embodiment of the Invention] The separator for fuel cells of this invention consists of an 
aluminum metal plate, and the alumite coat is formed in the part. By using an aluminum metal as 
a base material, lightweight-izing of a separator and improvement in electrical conductivity and 
the earthquake-proof engine performance can be aimed at. The separator of this invention can be 
used for various fuel cells, and can be used especially suitable for the mounted fuel cell for 
power of an automobile. Hereafter, although the separator of this invention is explained in full 
detail using drawing 1 -4, this invention is not limited to them, but unless the meaning of this 
invention is changed, it can add various modification. 

[0013] Drawing 1 is the partial schematic diagram showing an example of the fuel cell 
containing the separator for fuel cells by one example of this invention. The fuel cell of drawing 
1 carries out the laminating of the cell 1 which consists of the anode 3 and cathode 4 which were 
formed in a solid electrolyte 2 and its both sides through a separator 5, and is constituted. The 
ends of a laminating are connected to an external circuit (not shown). 
[0014] The separator of this invention has the contact surface with an electrode or a charge 
collector. The configuration of this contact surface is not limited by drawing 1 that what is 
necessary is just the configuration where it was suitable in order to contact the electrode of a fuel 



cell or the carbon paper of a primary charge collector, a carbon cross, etc. 
[001 5] As shown in drawing 1 , the separator 5 of this invention has the reactant gas aeration 
slots 8 and 9. Fuel gas is supplied to the reactant gas aeration slot 9 and the path formed with an 
anode 3, and oxidant gas is supplied to the reactant gas aeration slot 8 and the path formed by the 
cathode 4. What is necessary is just to form the reactant gas aeration slots 8 and 9 in a 
predetermined pattern by approaches, such as machining, a press, precision casting, chemical 
polishing (etching), and electrolytic polishing. Although the configuration of a reactant gas 
aeration slot was made horseshoe-shaped by drawing 1 , especially if it is a configuration which 
can form the path for reactant gas in the part which touches an electrode, it will not be limited, 
but it is small, and it is desirable to set up so that generation efficiency may become high. [ of 
reactant gas ventilation resistance ] Usually, as for each reactant gas aeration tooth depth, it is 
desirable to be referred to as 0.2-2mm, and, as for width of face, it is desirable to be referred to 
as 0.5-5mm. 

[0016] In this invention, in order to secure the corrosion resistance of a separator, the stable 
alumite coat 6 is formed in the front face of the above-mentioned reactant gas aeration slot which 
does not contact an electrode etc. chemically and physically. An alumite coat should just form a 
gamma-alumina coat in a base material front face by being able to form with an anode oxidation 
method etc., for example, electrolyzing, using water solutions, such as oxalic acid, a sulfuric acid, 
and a chromic acid, as the electrolytic solution. 

[0017] By choosing anodic oxidation conditions suitably, a precise hard-anodic-oxidation- 
coatings coat can be formed, and it is possible to aim at much more corrosion-resistant 
improvement. Moreover, if it processes with a boiling water or a steam after performing 
anodizing, micropore peculiar to an alumite coat can be closed and corrosion resistance can be 
improved further. As for the porosity of an alumite coat, considering as 5% or less is desirable. 
Moreover, as for the thickness of an alumite coat, it is desirable to be referred to as 5-50 
micrometers, and it is more desirable to be referred to as 10-30 micrometers. 
[0018] It is also possible to form detailed vertical pore and a spongy porous layer in an alumite 
coat. As this invention shows to drawing 2 , it is desirable from a viewpoint of corrosion- 
resistant prolonged maintenance to constitute the alumite coat 6 of a separator 5 from a porosity 
alumite coat 10 formed the substantia-compacta alumite coat 1 1 and on it. As for the porosity of 
this substantia-compacta alumite coat, considering as 5% or less is desirable, and, as for the 
porosity of a porosity alumite coat, considering as 10% or more is desirable. In this case, as for 
the thickness of a substantia-compacta alumite coat, it is desirable to be referred to as 2-30 
micrometers, and, as for the thickness of a porosity alumite coat, it is desirable to be referred to 
as 5-50 micrometers. Although it is thought that the cause of corrosion-resistant degradation of 
an alumite coat is the crack and exfoliation which are generated when a coat carries out swelling 
growth in a steam and produces film distortion, film distortion can be eased by forming the 
above porosity alumite coats. 

[0019] If there are many impurities in an aluminum base material, the homogeneity of an alumite 
coat will get worse and a consistency will become low. Furthermore, in such a case, once a coat 
is formed, the effectiveness of eburnation processing using a boiling water, a steam, etc. will 
become small. Therefore, as for the purity of the aluminum metal used for the separator of this 
invention, it is desirable that it is 99.5% or more, and it is more desirable that it is 99.9% or more. 
Moreover, although especially the thickness of an aluminum base material is not limited, when 
using for the fuel cell for mount, it is desirable to be referred to as 0.5-3mm. 
[0020] In this invention, as shown in drawing 1 , it is desirable to form a conductive film 7 in the 



contact surface (electric conduction side) with an electrode or a charge collector. That is, all the 
front faces of the separator of this invention have that desirable of a wrap by the non-conductive 
alumite coat and the conductive film. 

[0021] As for a conductive film, it is desirable to form using the ingredient which has the good 
corrosion resistance of electrical conductivity, and it is more desirable to form with the metal 
chosen from the group which consists of Pt, Au, Pd, Ru, Rh, Ir, and Ag or its alloy, carbon, or 
conductive carbide. Contact resistance of corrosion resistance is [ noble-metals system coats, 
such as Au, Ag, Pt, and Pd, ] very good low. As carbon, the graphite film by CVD, the DLC film 
(diamond-like carbon film), etc. are desirable. Moreover, what added water repellent may be 
applied to graphite powder. Contact concordance is good when an electrode becomes carbon 
black from what added Pt of a minute amount, and a carbon coat is used. As conductive carbide, 
silicon carbide, carbonization niobium, tungsten carbide, etc. are desirable. Since it contact 
resistance is not only small, but has good corrosion resistance and good oxidation resistance, a 
carbide coat acts also as a protective coat of a separator. 

[0022] A conductive film can be formed by approaches, such as a spatter, electroplating, wet 
plating, and CVD. Moreover, as for the thickness of a conductive film, it is desirable to be 
referred to as 0.01-5 micrometers. If thickness is smaller than 0.01 micrometers, film 
reinforcement is weakly unstable, and since cost will become high if larger than 5 micrometers, 
it is not desirable. 

[0023] In case a separator is incorporated into a fuel cell, in order to raise airtightness and the 
contact nature of a current carrying part generally, it binds tight along the direction of a stack. At 
this time, the planar pressure force becomes about l-10kg/cm2. Moreover, the operating 
temperature of a fuel cell is usually about 80-120 degrees C, and thermal expansion deformation 
of the separator by the temperature change takes place in many cases. On the alumite coat of the 
part which tends to require stress, it is easy to generate a crack and breakage, and, thereby, 
corrosion resistance may fall substantially. Therefore, in order to ease stress in this invention, as 
for the corner (R shows among drawing 3 ) which reactant gas aeration Mizouchi's wall surfaces 
make, considering as the shape of a curved surface is desirable. As for the radius of curvature of 
this curved surface, it is desirable to be referred to as 0.5mm or more, and it is more desirable to 
be referred to as 1 .0mm or more. 

[0024] It is easy to concentrate stress on the boundary section of the above-mentioned alumite 
coat and a conductive film. Moreover, in case two kinds of this coat is formed, in order for a coat 
to grow perpendicularly to a base material front face and not to grow up to be a longitudinal 
direction, it is very easy to damage the alumite coat of the above-mentioned boundary section. 
Therefore, as for the corner (R shows among drawing 4 ) which the internal side face and the 
above-mentioned contact surface of a gas aeration slot make in this invention, considering as the 
shape of a curved surface is desirable. As for the radius of curvature of this curved surface, it is 
desirable to be referred to as 0.3mm or more, and it is more desirable to be referred to as 0.5mm 
or more. Moreover, it is thought that the effectiveness which eases the film distortion originating 
in swelling growth of the above-mentioned alumite coat by doing in this way is also acquired. 
EXAMPLE ™ ~™.^^^.„__„„ 



[Example] Hereafter, although an example explains this invention to a detail more, this invention 
is not limited to them. 

[0026] The reactant gas aeration slot with a depth [ of 1 .0mm ] and a width of face of 3.0mm was 



formed in the aluminum metal plate (Immxl50mmxl50mm) of 99.6% of one to example 1 and 
example of comparison 3 purity by press working of sheet metal, and the separator base material 
was produced to it. This base material was anodized in the oxalic acid water solution, and, 
subsequently to ebullition underwater, it was immersed for 30 minutes, and it dried and the 
alumite coat of 12 micrometers of thickness was formed in the base material front face. Next, in 
order to raise the display flatness of the electrode contact surface of a separator, wrapping polish 
was carried out and the electrode contact surface was washed. The alumite coat formed on the 
electrode contact surface of this process is removed. Then, among the pure argon gas ambient 
atmosphere of 5mTorr, the spatter of the Au was carried out to the electrode contact surface, 
having used base material temperature as 200 degrees C, the conductive film was formed, and 
the separator by one example of this invention was produced. In addition, the thickness of a 
conductive film was about 1 micrometer. 

[0027] the carbon black of the 100 weight sections - Pt paste (Pt:90 % of the weight) of 15 
weight sections - adding - further - the Teflon (trademark) particle (mean particle diameter: 
0.2 micrometers) of 15 weight sections was added as water repellent, and the paste for electrodes 
was prepared. This paste for electrodes was applied to the proton conductivity solid polymer 
electrolyte film (Nafion), and it dried. This was inserted by the carbon cross, it put with the 
above-mentioned separator of two more sheets, and the fuel cell (cell) of an example 1 was 
produced. The bolting pressure of a separator was made into 10kg/cm2. 

[0028] The fuel cell of the example 1 of a comparison using the separator made from a graphite 
and the fuel cell of the example 2 of a comparison using the separator made from stainless steel 
(SUS304) were produced like the production approach of the fiiel cell of the above-mentioned 
example 1 , respectively. Moreover, the fuel cell of the example 3 of a comparison was produced 
like the above-mentioned example 1 except not forming an alumite coat. In addition, the 
conductive film which consists of Au like the above-mentioned example 1 was formed in the 
electrode contact surface of the separator used in the examples 2 and 3 of a comparison. 
[0029] The simulation fuel gas (70% H 2 or 15%C02, 15%H20) humidified into the reactant 
gas aeration slot by the side of an anode was supplied to the fuel cell (single eel) of the acquired 
example 1 and the examples 1-3 of a comparison, air was supplied to the cathode side aeration 
slot as an oxidizer, and the stability of the generation-of-electrical-energy engine performance of 
each fuel cell was evaluated. The corrosion-proof situation of the separator after actuation is 
collectively shown in a table 1 for the separator base material of each fuel cell, an initial 
generation-of-electrical-energy electrical potential difference, the generation-of-electrical-energy 
electrical potential difference after the actuation during ten days, and ten days. 
[0030] 







wm 


10 B&© 


















(V) 


(V) 








0.84 


0.80 








0.85 


0.83 




tt*«2 


(SUS304) 


0.80 


0.68 








0.82 


0.59 





[0031] The separator of this invention which consists of an aluminum metal plate which prepared 



the alumite coat shows the outstanding corrosion resistance, and a table 1 shows that the fuel cell 
of an example 1 using this separator shows high generation-of-electrical-energy engine- 
performance stability. 

[0032] The fuel cell of Examples 2a-2r and the example 4 of a comparison was produced like the 
above-mentioned example 1 , respectively except having used each ingredient shown in a table 2 
as an ingredient of example 2 and example of comparison 4 conductive film. However, when 
forming the conductive film of carbon (example 2q) and conductive carbide SiC (example 2r), 
Ar (30mTorr) was used as sputtering gas using the target of a coat presentation. The simulation 
fuel gas (70% H 2 or 20%CO2, 10%H2O) humidified in the reactant gas aeration slot by the side 
of an anode to the fuel cell (single eel) of the examples 1 and 4 of a comparison was supplied to 
obtained example 2a - 2r list, air was supplied to the cathode side aeration slot as an oxidizer, 
and the stability of the generation-of-electrical-energy engine performance of each fuel cell was 
evaluated. The corrosion-proof situation of the separator after actuation is collectively shown in a 
table 2 for the ingredient of the conductive film of each fuel cell, an initial generation-of- 
electrical-energy electrical potential difference, the generation-of-electrical-energy electrical 
potential difference after the actuation during ten days, and ten days. 
[0033] 
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[0034] The separator made from aluminum of this invention which has the desirable conductive 
film mentioned above shows the outstanding corrosion resistance, and a table 2 shows that the 
fuel cell of Examples 2a-2r using this separator shows high generation-of-electrical-energy 
engine-performance stability. 

[0035] The fuel cell of Examples 3a-3j was produced like the above-mentioned example 1, 
respectively except having changed, as the porosity of an example 3 alumite coat was shown in a 
table 3 by changing formation conditions. The stability of the generation-of-electrical-energy 
engine performance of the fuel cell (single eel) of the acquired examples 3a-3j was similarly 
estimated as the above-mentioned example 2. The corrosion-proof situation of the separator after 
actuation is collectively shown in a table 3 for the porosity of the alumite coat of each fuel cell, 
an initial generation-of-electrical-energy electrical potential difference, the generation-of- 
electrical-energy electrical potential difference after the actuation during ten days, and ten days. 
[0036] 
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[0037] From a table 3, the porosity of the alumite coat which the separator of this invention has 
is understood that it is desirable that it is 5.06% or less, and it is more desirable that it is 2.01% 
or less. 

[0038] The fuel cell of Examples 4a-4j was produced like the above-mentioned example 1, 
respectively except having changed, as the thickness of an example 4 alumite coat was shown in 
a table 4 by adjusting film formation time amount. In addition, the porosity of an alumite coat 
was made into about 1.25%. The stability of the generation-of-electrical-energy engine 
performance of the fuel cell (single eel) of the acquired examples 4a-4j was similarly estimated 
as the above-mentioned example 2. The corrosion-proof situation of the separator after actuation 
is collectively shown in a table 4 for the thickness of the alumite coat of each fuel cell, an initial 
generation-of-electrical-energy electrical potential difference, the generation-of-electrical-energy 
electrical potential difference after the actuation during ten days, and ten days. 
[0039] 
[A table 4] 





W* 
(Atm) 


mm 

(V) 


10B«© 
**«E 

(V) 






3.5 


0.86 


0.71 






4.8 


0.83 


0.81 






9.7 


0.82 


0.84 


Aff 




15.8 


0.85 


0.81 




Hi6094e 


26.7 


0.88 


0.86 




H*«4f 


33.1 


0.81 


0.78 




fS*6«4g 


51.5 


0.81 


0.76 




Xftfll4h 


69.1 


0.85 


0.69 




£»«4i 


78.3 


0.88 


0.63 




IUS«l4j 


94.6 


0.86 


0.56 





[0040] It turns out that it is desirable that it is 4.8-51.5 micrometers as for the thickness of the 
alumite coat which the separator of this invention has, and it is more more desirable than a table 
4 that it is 9.7-33.1 micrometers. 

[0041] By changing an electrolytic condition during formation of an example 5 alumite coat, 
membranous porosity was changed from the middle and the Examples [ 5a-5g ] fuel cell was 
produced like the above-mentioned example 1, respectively except having formed the porosity 
alumite coat (thickness: about 10-30 micrometers) which has the porosity shown in a table 5 on 
the substantia-compacta alumite coat. In addition, the thickness of a substantia-compacta alumite 
coat set to about 15 micrometers, and porosity was made into 1 .25%. The stability of the 
generation-of-electrical-energy engine performance of an examples [ which were acquired / 5a- 
5g ] fuel cell (single eel) was similarly estimated as the above-mentioned example 2. However, 
assessment was performed for 36 days. The corrosion-proof situation of the separator after 
actuation is collectively shown in a table 5 for the porosity of the porosity alumite coat of each 
fuel cell, an initial generation-of-electrical-energy electrical potential difference, the generation- 
of-electrical-energy electrical potential difference after the actuation during 36 days, and 36 days. 
[0042] 
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[0043] From a table 5, when a substantia-compacta alumite coat and a porosity alumite coat 
constitute the alumite coat of the separator of this invention, the porosity of a porosity alumite 
coat is understood that it is desirable that it is 9.4% or more, and it is more desirable that it is 
19.4% or more. Moreover, in the alumite coat with which corrosion was seen, it checked that the 
corrosion section existed on the outskirts of a crack of a coat. 

[0044] The Examples [ 6a-6g ] fuel cell was produced like the above-mentioned example 1, 
respectively except having considered as the shape of a curved surface which has the radius of 
curvature which shows the corner which example 6 reactant-gas aeration Mizouchi's wall 
surfaces make in a table 6. In addition, thickness of an alumite coat was set to about 1 5 
micrometers, and porosity was made into 1.25%. The stability of the generation-of-electrical- 
energy engine performance of an examples [ which were acquired / 6a-6g ] fuel cell (single eel) 
was similarly estimated as the above-mentioned example 2. However, assessment was performed 
for 34 days. The corrosion-proof situation of the separator after actuation is collectively shown in 
a table 6 for the above-mentioned radius of curvature of each fuel cell, and 34 days. 
[0045] 

[ A table 6] 
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[0046] From a table 6, the above-mentioned radius of curvature of the separator of this invention 
is understood that it is desirable that it is 0.5mm or more, and it is more desirable that it is 1.0mm 
or more. Moreover, in the alumite coat with which corrosion was seen, it checked that the 
corrosion section existed on the outskirts of a crack of the coat in the acute-angle processing 
section. 

[0047] The Examples [ 7a-7g ] fuel cell was produced like the above-mentioned example 1, 
respectively except having considered as the shape of a curved surface which has the radius of 
curvature which shows the corner which the side face and the electrode contact surface of an 
example 7 reactant-gas aeration slot make in a table 7. In addition, the corner which reactant gas 
aeration Mizouchi's wall surfaces make considered as the shape of a curved surface, and the 
radius of curvature of the curved surface was fixed to 1 .0mm. Moreover, thickness of an alumite 
coat was set to about 15 micrometers, and porosity was made into 1 .25%. The stability of the 
generation-of-electrical-energy engine performance of an examples [ which were acquired / 7a- 
7g ] fuel cell (single eel) was similarly estimated as the above-mentioned example 2. However, 
assessment was performed for 34 days. The corrosion-proof situation of the separator after 
actuation is collectively shown in a table 7 for the radius of curvature of the corner curved 
surface which the side face and the electrode contact surface of a reactant gas aeration slot of 



each fuel cell make, an initial generation-of-electrical-energy electrical potential difference, the 
generation-of-electrical-energy electrical potential difference of 34 days after, and 34 days. 
[0048] 
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[0049] From a table 7, the above-mentioned radius of curvature of the separator of this invention 
is understood that it is desirable that it is 0.3mm or more, and it is more desirable that it is 0.5mm 
or more. Moreover, in the alumite coat with which corrosion was seen, it checked that the 
corrosion section existed on the outskirts of a crack of the coat in the acute-angle processing 
section. 

[0050] The Examples [ 8a-8f ] fuel cell was produced like the above-mentioned example 1, 
respectively except having changed the purity of an example 8 aluminum base material, as 
shown in a table 8. The stability of the generation-of-electrical-energy engine performance of an 
examples [ which were acquired / 8a-8f ] fuel cell (single eel) was similarly estimated as the 
above-mentioned example 1. However, assessment was performed for 12 days. The corrosion- 
proof situation of the separator after actuation is collectively shown in a table 8 for the purity of 
the aluminum base material of each fuel cell, an initial generation-of-electrical-energy electrical 
potential difference, the generation-of-electrical-energy electrical potential difference of 12 days 
after, and 12 days. 
[0051] 
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[0052] From a table 8, the purity of the aluminum base material used for the separator of this 



invention is understood that it is desirable that it is 99.50% or more, and it is more desirable that 
it is 99.90% or more. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the partial schematic diagram showing an example of the fuel cell containing 
the separator for fuel cells by one example of this invention. 

[Drawing 2) They are the schematic diagram showing the separator for fuel cells by one example 
of this invention, and the elements on larger scale showing the structure of the alumite coat. 
[Drawing 3] It is the partial schematic diagram showing an example of the configuration of a 
reactant gas aeration slot of the separator for fuel cells of this invention. 
[Drawing 4] It is the partial schematic diagram showing an example of the configuration of the 
contact surface with the reactant gas aeration slot and electrode of the separator for fuel cells of 
this invention, or a charge collector. 
[Description of Notations] 

1 ... Cell 

2 ... Solid electrolyte 

3 ... Anode 

4 ... Cathode 

5 ... Separator 

6 ... Alumite coat 

7 ... Conductive film 

8 9 ... Reactant gas aeration slot 

10 ... Porosity alumite coat 

1 1 ... Substantia-compacta alumite coat 



CLAIMS 



[Claim(s)] 

[Claim 1] The separator for fuel cells characterized by forming the alumite coat in the front face 
of said reactant gas aeration slot in the separator for fiiel cells which consists of an aluminum 
metal plate and has the contact surface and a reactant gas aeration slot with an electrode or a 
charge collector. 

[Claim 2] The separator for fuel cells characterized by forming the conductive film in the contact 
surface with said electrode or charge collector in the separator for fuel cells according to claim 1. 
[Claim 3] The separator for fuel cells characterized by consisting of the metal chosen from the 
group which said conductive film becomes from Pt, Au, Pd, Ru, Rh, Ir, and Ag in the separator 
for fuel cells according to claim 2 or its alloy, carbon, or conductive carbide. 
[Claim 4] The separator for fuel cells characterized by the porosity of said alumite coat being 5% 
or less in the separator for fuel cells according to claim 1 to 3. 

[Claim 5] The separator for fuel cells characterized by the thickness of said alumite coat being 5- 
50 micrometers in the separator for fuel cells according to claim 1 to 4. 
[Claim 6] The separator for fuel cells characterized by constituting said alumite coat in the 
separator for fuel cells according to claim 1 to 3 with the porosity alumite coat of 1 0% or more 
of porosity formed on the substantia-compacta alumite coat of 5% or less of porosity, and this 



substantia-compacta alumite coat. 

[Claim 7] The separator for fuel cells characterized by having the shape of a curved surface in 
which the corner which said reactant gas aeration Mizouchi's wall surfaces make has the radius 
of curvature of 0.5mm or more in the separator for fuel cells according to claim 1 to 6. 
[Claim 8] The separator for fuel cells characterized by having the shape of a curved surface in 
which the corner which the side face and said contact surface of said reactant gas aeration slot 
make has the radius of curvature of 0.3mm or more in the separator for fuel cells according to 
claim 1 to 7. 

[Claim 9] The separator for fuel cells characterized by the purity of said aluminum metal plate 
being 99.5% or more in the separator for fuel cells according to claim 1 to 8. 



DRAWINGS 




1 




[Translation done.] 



(WH+WMW (JP) 02) & ^ !(5 f^: & $g (A) (ll)ttffii«ftH»* 

#^2001-338658 
(P2001-338658A) 

(43)ftBB B W-m3m2M 7 B (2001. 12. 7) 

(51) Into.' ISSUED FI f-73-F*(^#) 

HO 1M 8/02 HOIM 8/02 R 5H0 2 6 

B 

8/10 8/10 



SSHfcR * »*Jg©ft9 OL (±10 M) 



(21)fflR$^ 


!ftK2000- 157189(P2000- 157189) 


(71) fflKA 


000139023 










(22)(tUHB 


¥1£12*F 5^260 (2000. 5. 26) 




mSC«=P«fflKAaJt 1 T@ 13# 5 ^ 






(72)56W# 


135 Kf 








«f5»j8«r^y£BgTil4»l^ HcSCS 














(72)BW# 


Stc IS 








«f5»SB«*5|y£BgTB14»l# ft5£& 














(74)ftSA 


100080012 








#S!± BS5 ffiJl 






F^-A(##) 5H026 AA06 EE02 EE05 EB08 EE12 








HH00 HH03 HH04 HH05 



(54) i&wnzm immi&mtrti'-? 



(57) mm: 




i 1 



-i- 



[W*5i3] ■»*W2fc:ISilO«»«»ffl-b^U'-* 
Kfc^T, 83ffi$SffljfflSi#Pt, Au, PCk Ru, Rh, IrR 

m&m 4 ] 1 ~ 3 <o^-?nmcmm<D®mm 

mm-b^U-Zlcls^X^ MiH7;I/v^ hSI<o^?LS 
[11*915] «#«l~4©i,>mfrfcK«0«*MI 

6 ] ii*?! 1 ~ 3 (o^-ftifrictsmomnw 

&5 %&LT(omm.T^-f M6§tatfK«ffiR7;l/V 
-T hM«±tcfl5fi)c$n5^?LJSlO%J.X±Ci^?LH7;l/T 

-r h«»cj: testis c tzftmttzimnmRi 

CW** 8 ] 11*31 1 ~ 7 0^f^eiE«©8*« 

im&m 9 ] tmm 1 ~ 8 <o^iftiMcmm<omnm 
Aim. 5%w±t?*« c t %<%m tt zmnnmRHi^ 

[0 00 1] 

[0002] 



(2) fSM 2001-338658 

2 

[0003] aw, *»?w*>^sMia!fls»«»tt, 

X fc SS «*fl«6f « jlMii^^lt ft fitt-fe; < U- * 

TttXU/* yS?«£#-f 5 7 y * 
* 5 fflv^n« «Stt*-*vr5-y ^C»zkt#PTFEi:« 

-»J6«fi*JftA^fHB-r«IBK:«, TkJRjffXftWfcSft 
T£Uft7n h^«»H4'tclAL7K^i:^LT 

H30 + i:&D, iEff«ii«:e*-r4. iEffifln?«a«t»!b^ 
isas nftiiigAVK^o^bRjsti: «fc !3%4-rsm?% 

HHT\ m;/jWE«0.6~0.8ViKST-&5. fcT, 
fflft&HiftfctfSfti&CW;, -t/^U-^^LTS(+<0 

[0004] ffi&onnwMfrbmz&oiz., nmn* 
ft-riWfKrtatfMioattTttafttti:**. tft 

'Sis-$itc<D&oizmmTimfr&&tiz<Dx\ mm 

[0005] mk<om$wm*i*\s-zo$<&mb 

icmmtzctimmx&Zo js^, s^*^«iii: 

c (D-b^ b-* ^^n-eas LKfts^fig-r 5 c t {c * 
«sMfiM{4{i£*©iiffi-b^U'-^ *oa^t<, a 

50 [0 0 0 6] H^-b/^U-^JK^c, ^JS^5*5-b/< 



-2- 



3 

i a ftffijts&jpstmfcfli^s t «8«6*-Jiii»ft: 

tSCtms. bA^b&A<€>, &JS-fe^b-#K*5 
CTf*. 8#©£l*©£>©A' i /g:tb J £-r^i:^-5Fn3^ 

fCfcA^^SntV* (R. L. Rorup, et al.. Mate 

r. Res. Soc. Symp. Proc, 393 (1995)11) <, ft 70 

[0 0 0 7] #ISPF11-162478#tt. *$J||;&&K-fe/< 
b-#©£Sffi{C;>c-y*-f5Cfcf;:«k*)> itMfeSr&# 
-rs^^M^LTVSo C©#Sjti-fe^b-£l4&6fc: 
MbTliKiaA^A\ Sfnx MtfcJBt^fflWTtt* 

[0 0 0 8] 

[88i#fl?!fcLJ:d ^tSMD 6£oT*5£f£©gW 
[0 0 0 9] 

©*£Jd, -SBteT^'f Mft»*K«-fc 

7^5r:^ASH!SR*JlM-b/<l/-^a:flinfcBd1t* 30 

[ooio] -rft*>$, *aw©j»*«f6ffi-b/<U'-* 
tt7;i/5-*A&JB«fr5ftt), mHXtimm{*i:©M 

So 

[0 0 1 1] *^©-fe/^b-*«TfE£#(1) 

5©*WSLl/\ 40 

(2) £18ffl£J!«Pt> Au, Pd, Ru, Rh, I r&tfAg*^ & 

5SfA->5>S{ftlS^jSSL<«^©^ fc-tfX X 

(3) 7;bv^ F&H©£?Latt 5 %IXTT£5©AW3: 
b</\, 

(4) 7^-7^ h«K©llW« 5~50/iinT'feS©*WS b 

l/\ 

(5) 7;l^ hftBNi, £?LS 5 %«T©«fBB7/l/v 
^b»^tf*©±fc}&£«ft*£?Lfi10%«±©£?L 
K7;W-f h«Ktj:0«l*Sn*©!bHff*U\ so 



Wffl 2001-338658 

(7) Kjsar x ffis»©fflSB5 1 ±f e^ttffi t *^-r ft 

0. 3imUX±©tt^¥&£Wt-&MttT*£5©AW3: b 

(8) 7;i/ 5 ^ <y ^mmommt99. 5% w±t-& 5 ©a* 

$?£b^o 
[0 0 12] 

T L&mifcfr ^©— gGfcli7;Uv^ F 
SJlA^fiStSftT^S,, 7 ^A&JSfcSftfcbT 

l«attg6©lRl±5rSSCi:A<T'tS. *fg^©-b^b 
-#{i«S4&jlSWfiKrefflT*t> «PKg»*©»^ffl 

cis^n-f, *«w©aa%asb!B:^i8o «-<?©« 

[0 0 13] Bl 1 tt*f8E©-^^fc£*j»BW6ffi 

5, H 1 ©j||g£MI%H\ Htt*fP«2 £^©Pa$U;:I2tt 
ZtltcTS- F 3Rtf * V- F 4 l 
*/<U-*5*rtLT*«bT*jaSttT^5. «f© 

[0 0 14] *^©-b/^b-^ttmffiX«*«f*i:© 

K»»ffi©ie#tt» ^sm?a©mffix 

[0 0 15] HlfcjjVriSC, #5g<¥3©-tr/<b-2 5 
(4RJS«rxiia»8&tf9**-r4. S)S**XjlMri9 
£7/- F 3 £<fc 9»j££tt5aS&{Ctij^#XAW 
£tu 5JS#xa^«8fc;AV--F4{c«}:9^l&S*lS 

titf *v\ 5(S^rxa««©^«ia 1 Ttin^at l 
<. fi-35§m5<ij^A' i 1 a<*?.«fc^t^-rs©AW$b 

§S(S^7.aMS©^ao.2~2mmt-r5 
©AWtb<, iflittO. 5-5 rami: -rs©AW$U\, 
[0 0 16] ^WtCfeVTfi, */^b-^©W#tt« 
St«-r*fci6K:, Sffi*t^fttb%V>±iagfS^xajR 
»©*SBKtt{k^»Rtf«iaWK®£!9:7;Pv-f h«K 
6«r?gjS-r«. 7;l/V>fMfti!ttmHWtffi9fc:±»)* 

^©TK^^rfflvrmiS-rsC t»c«t»), y-7)VS.i- 

[0017] vimmit&ftzm'&miRtzctizzOs 



-3- 



5 

M©§i/S«5~50/xmt-f£©*)W£l,<, 10-30 /imi: 
[0 0 18] 7;l/v-r ht^lcfm&£ttn?L?ftt!MX 

tt*R7;l/vw h«llRtf*©±fcfl2fi££ns£?lH 

&©!!*>?>$?$ u\, commnrji^j htmoz 
«iio^?L*a:io%w±i:f *o*<»$bi\ torn 

AWS: L < , £?Ut7;l/V-r hffiS©HJf « 5 -SO /: hi 

buSE© «fc d *£?Ut7;l/v-f hffiJS^J^-fSctKj; 
[0 0 19] 7;V5-^ASWiti©^*iEti*^^fc7;l/ 

©<k5ftt§£, «ai^-flje««n*fc}»»7Kx ?J<^a 

^©-t/^b-^tcffl^*7;U5^^i.^SOMaii9 
9. 5%Kit*5«*WS L < , 99. 9%W±T-*S<0^ 
J:9»SU\ 7;V5- 1 >AStf©lf?(itfii:|5g 

■ U\ 

[0020] ^Wcfci^Ttt, 0 1 tc^f J: ? (c, H 
HXf4Hfl:<*t©&«ffi (1t*£»ffi) fcti$«ttttH 
7?:M-r5©^!fSLi/V fftfr^ #5gf!B©-trAb 

K «}:!>« 5 ©a<JfSU\, 

[0 02 1 ] mtmtmftfi^ttOAbHHfttt** 
*-Stt^ffl^T?&8-rs©tfiffSL<, Pt, Au, Pd, 
Ru, Rh, lr&tf/^5fc*i«p&S«rtt*&jIgL<« 

Au, Ag, Pt, Pd«OJtM^ttBt 
(i, »»^#ffi<B*ttfclIi&T6#-Cfc*. 
>tLT{4CVD{c«t*||«, DLCHi (^-VtV 

tc ©Pt Srj&bD Lfcfc ©If £ft£if£\ * - # y» 
«*fflc^fc««ifti;#*^. WIttlWfc»i:LTtt 

t\, Kfkl*«aitt«tt»*i!!></Jxsi^©*ft5ir, &$?ft 



(4) ^ 2 0 0 l - 3 3 8 6 5 8 

6 

[0 0 2 2] Wmtt««B;v<y$rffi, Wt^f+, 5 
sU-y*, CVD*©73SJC«k0^fi8T?#S. £/c3§m& 
ffilK©MWti0.01~5 /imi:-f 5©##i:lA\ UStf 
0. 01 p mj; 5 fc^S^IS < ^£JET*& 0 , 5 p id 
<fc 9 *fr !/■> t ^ X h ^ < ft £ fc&S? £ L < ftl/\, 

[0 0 2 3] */<U-**«8«ffi*fc»«&trRK 
(is Httt««ttRtf»mM)»»tt*ft±S«*ft«> 
10 til** y tr-fifolCfcvTmtbWf&o COttmE-lHi 
» 1 -lOkg/cm 2 fcftS, $fc«£MI%©flFf!ii&£ttif * 
^80~120 o C T'& 9 , iSfigft <fc * -fe/ < U- £ ©» 
3igJ&tf fi c * c i: fotitffrfr 0 ^SIBt© 

7;i/x'-r htkmiamm ■ wmm& t^-r < . 

±*' ! ft-rftgp (03*. RT^-T) tiffiffitffc-rs©** 
Kf$LV^ C©ftS©flWS«0.5mraW±fr-5©*' ! 

20 [0 0 2 4] ±I27;V x^C h«^i:W«ttffiS©^Si5 

St/3l&)lc«^«Lftl>fc4i), ±E«J?»©7/l/V-f h* 

?t©rtg|5iiffii:±E^ttffit^ft-rftg|5 (04*. RT- 
ifi?) imw#ft%<Dt>WtiiL\,\ C©ftS©tt^ 
S{40.3mnJ^±t-rs©AWf L<, 0.5mmU±fc-rs© 
WDIfSLK S/fcCOJ:3K-r*Ci:T, Ma©7 

[0 0 2 5] 

•rs*\ *^«-€-tie.fc^$n-5 | E>©Tttftv''o 

[0 0 2 6] ^aS^J 1 RtfJtttW 1 -3 
^a99.6%©7;l/5-">A^tS ( 1 ram x 1 50mm x 150m 
m) C, ^'l'Xi!)0ltc<J:!3ai^1.0mmSO : i|i3.0mm©SJS 

fixm%.m%&i&L, -b^u-*s«%f^HLfc. c© 

t30»IHiS»U, tt»LTSt*Sffit«Jit12/iB©7;l/ 
40 v^T hMH^^fiSCLfio ^t, -b^U-^©«ffiS!ttffi 

WliU SfejfU/io c©iat:J:!)WiSj«!ffi±K:}gi« 
ZftkTfr-r'i MifflKWSSnSo *i^T, 5mTorr 
©«7;i/=r>'^fx»H«f» SMraS^200°Ci:LTm 

^©-*fifiWcj:S-b^U~^5:^i!bfco ftfc\ Wtt 
tt««©JP S tt» 1 /iiT*oft. 
[0 0 2 7] 100MgP©2r-#;/:?5^K15Mg|5 
©Pf<-Xh (Pt:90fi»%) «flSjhlU Mtc15fi«g|5 



-4- 



(5) 



8 



Mm^-xh%7uh>&mm&%?mftwmsm (Na 

fion) K&ftU KiL/c. CtV&ft-tfV^nXT-t* 

EfttelOkg/cm 2 i: Lfc 0 
CO 0 2 8] ±§e*SS0>J 1 0|^«ffi!0ft8!#&£|qg 

tat, m»H-b^b-^%ffli^=jt«« i «i 
jft, Mxfvi/X (SUS304) SHr/<v-**fflv*fclt 

Jt««3 0j«fi«H!!*ff«Uft. 443, Jt«B!l2Stf3* 



2001-338658 



i tm 



10 



[0029] m^nrc^mm 1 Rmmm i ~ 3 ©«s 

fciDfflLfcfcSBBfitfx (70%fo, i5%C(fe, 15%H20) 
LT, 4MSfi«»!0««ttli60S3£tt*ff«lliLfc. &*8 
<Opg»«E, aifl0HIBffft»O-b/<W-*©»JB<ttt 

[0 0 3 0] 
[*1] 









lOB&ffl 








«««E 


«fi«E 








(V) 


(V) 




9£Mffi 1 


7;VV>f h&ffittAl 


0.84 


0.80 




Jt««l 




0.85 


0.83 




it«t«2 


Xf>!/^ (SUS304) 


0.80 


0.68 




i±«c0J3 


7;uv-f nuiftLAl 


0.82 


0.59 





[0031]«U9, T;l/V^r MfflRfcKttfcTWS 

[0 0 3 2] iatffil2RtfJtttffiH 

J-X^!i±IE^figfiSJ 1 fclQfltlc, *M02a~2rfttfJt«ffl 
4©JffiStf>£*ft^ti{tliLfc„ fcfcU 
(HMH«2q) &0*«ttMtftftSIC (£*0lj2r) <D83 50 

X/W£#XfcLTAr OOmTorr) 5rffl0>fc o f#?>ftfc 



*fl8H*J2a~2rMmcJtl30J 1 Rtf 4 ©«Hs«ffi (*-b 
(70%H2, 20%C02, 10%H20) fct&SSU 

«ttaas<o#«, »»»t«E. losisfttfi&osm 

[0 0 3 3] 
[«2] 



-5- 



(6) 



2001-3 38658 



10B&© 



10 







(V) 






^#ffi#il2a 


Pt 


0 78 


0 77 


IwR'* 1/ 


l£flffc#fl2b 

ZrZ ttV»V J** *» 


Au 


0.82 


U • 0 1 






Pd 


fl 77 

U • 1 f 


U . f 0 


Pfr y> | 




Ru 


0 71 








Eh 


0 75 


0 71 


ffo&tr 1 




Ir 


0 79 


0 78 


ffi-fttr 1 
MKV 1/ 


3lflte#iI2£ 


/is 


0.77 


fl 71 

U • I J. 


K '<£ L/ 


HS&#l2h 


Pt-Au(10vt5O 


0.78 


0.77 


W JjI '<*. L/ 


IOfEt?!l2i 


Pt-Pd(10wt%) 


0.78 


0.74 


/W JJ*. L/ 


f?3fi#I2j 


Pt-Ru(5wt%) 


0.76 


0.73 


Jjc '<> 




Pt-Rh(5vt50 


0.75 


0.72 


'o» L/ 




Pt-Ir(30wt%) 


0.79 


0.75 


L/ 


HSte^52ii 


Au-Pd(30wt%) 


0.75 


0.74 


J5*. 'O* \J 


HJte^2n 


Au-Ir(30vtX) 


0.69 


0.66 


ISA'S: U 


HJ£092o 


Au-Ag(50vt%) 


0.74 


0.71 




3lite^l2p 


Pd-Ag(50vt5O 


0.76 


0.70 




^60«2q 




0.82 


0.81 


K£&L 


HJ£C«J2r 


SiC 


0.84 


0.83 








0.84 


0.83 






Al 


0.47 


0.21 





[0 0 3 4] S2<fcD, Mi£Lfc#3:U^«&»JSi£ 

[0035] mmm3 

ic i *) & 3 »c^-r * ? teg* & c t \^mit±immm i 



50 14H6©$^14^±IB»»iJ2i:(p|tttc|FliL/'Co 

«»©7/i/T-r httjso^jLK. «3W»mmE> iobh 
immo^mms., Rtf loaiaftiM&D-fe^b- * am 

[0 0 3 6] 
[S3] 



-6- 



(7) Wm 2 0 0 1 - 3 3 8 6 5 8 



11 12 









10B&© 








#Bft®£E 


SBBSJEE 






(%) 


(V) 


(V) 




HS6033a 


0.86 


0.81 


0.83 






1.25 


0.82 


0.81 






1.63 


0.86 


0.84 






2.01 


0.83 


0.81 






2.67 


0.79 


0.75 


&&&& 




3.02 


0.84 


0.78 






3.54 


0.85 


0.75 






5.06 


0.88 


0.73 




mm<m\ 


7.32 


0.81 


0.63 






10.55 


0.86 


0.59 





[0 0 3 7] S3 it), *^<D-b^lx-^^-r§7 
;UV^ h$§|cD£?LS«:, 5.Q6%lXTT'&Z><Dt)Wti L 

[00 3 8] fUMU 4 



S*E, S^IOHP^^ij^O-tr/^U-^tDBK^^ 
«4fC0H*T*-f<, 

[0 0 3 9] 

K4] 





mm 

(>um) 


mm 

(V) 


10B&© 
8«SE 
(V) 


ffifet-k&ti 




3.5 


0.86 


0.71 






4.8 


0.83 


0.81 






9.7 


0.82 


0.84 






15.8 


0.85 


0.81 






26.7 


0.88 


0.86 






33.1 


0.81 


0.78 






51.5 


0.81 


0.76 




Hffl5$14h 


69.1 


0.85 


0.69 






78.3 


0.88 


0.63 




HSfiW4j 


94.6 


0.86 


0.56 





[0 0 4 0] a 4 *%m<D*/<]s-Zt l ^?%7 
)\s-?-< hfam<01&mii. 4.8~51.5/imTfe-S©^ftfSL 
< , 9. 7—33. 1 ]i mZ°$>Z><Dff>& *)tft£L^Cb tft>fr 

[0041] mm&\5 

7hU h1&m<D&i$.Wcm.M3itt*m?LZC tick 



0HJI : ^10-30 /xm) ^ffMUfcC t^tlimm 
U £?LSte1.25%i:Lfco ^#£ft*:3l^i£0lJ5a~5g©^*K 

a^O^?LK7;l/-7^ mioms, *u»??gii©E, 

50 36BH5it®J&<Dfg111iE, Stf36BH^ft»0-b/<U- 



-7- 



(8) 



2001-3 38658 



13 

[0 0 4 2] 



14 



* S5] 





&H&7>V?J h 


8JJH 


36B&© 
















(%) 


(V) 


(V) 




H«60J5a 


5.6 


0.79 


0.67 




Sl«l«5b 


9.4 


0.82 


0.78 




HJ60!l5c 


19.4 


0.86 


0.83 




XK0l5d 


26.1 


0.85 


0.82 






36.7 


0.84 


0.82 


&« 




39.4 


0.80 


0.77 






46.2 


0.83 


0.79 





Kfc J: 9 ^?LK7;bv^ h»©^?LS 

«9. 4%1X±T&5©*W£ L < , 19. 4%JW_kT*fcS© 

[0 0 4 4] gfljgU6 



20 



fcHMfc, HfiS0«6a~6g<D^m?fi«r J E-n j Ptl^i!!L 

&m. 25% t Ltzc mz>titzmmmfo~6g<D®®v.m 

Wtfbfco fztzU SF««34Blffltfofc. *j»»Wfi© 
±ISEti#¥g& 34B |fflfM&«®*/< £ ©BJ&^tt 

[0 0 4 5] 
[*6] 



30 





(mm) 




Hli6«6a 


0.1 




^Is0!l6b 


0.2 




Hlfi«l6c 


0.3 




HH^6d 


0.5 




HS60J6e 


0.7 




2IJfc0i6f 


1.0 






1.5 





[0 0 4 6] S6£(K *»HH<D-fe/<V-*©±EBJ|B 
^SliO. 5nmJ-X±-e*§©*Wt b < , 1. 0nmW±T-feS 

[0 0 4 7] gmrnj 

SBteftBtt^U ^OflffiOft^Sttl.OnntcHSL 
S«1.25%i: Lfc. »5tifcliaSH7a~7gOil8fi«» 
ffFfffiLfco fcJSU ff«t434BHfrr3ft. &«¥«!fe<D 
afflRWIE, 34HSW)«WtE, Rtf34B 

■To 
[0 0 4 8] 
[«7] 



40 



-8- 







(9) 




an 2 


15 












(in) 


fits 
(V) 


(V) 




^jUIBI/S i fit 


0 1 


0 Rft 


ft fi7 






ft 9 


0 R1 


ft 79 


wj&co 'J 




ft ^ 


ft Rft 


ft 7R 






ft ^ 


n 7ft 


ft 7ft 




HJ60!17e 


0.7 


0.83 


0.81 




Hffi097f 


1.0 


0.80 


0.78 


&*? 


HSE0!I7g 


1.5 


0.82 


0.79 





[0 0 4 9] S7 it), *5&E<D-fe/<b-*©±E 
[0 0 5 0] Hffliffli8 



8 \tm: T7r,to 
[0 0 5 1] 



i tmmz. 




*20 [i 


:8] 








mm 


12B&© 






MS 










{%) 


(V) 


(V) 






99.23 


0.78 


0.63 




fSS&0J8b 


99.50 


0.81 


0.74 




*J60!8c 


99.76 


0.79 


0.74 






99.90 


0.78 


0.77 




311601 8e 


99.97 


0.83 


0.81 






99.99 


0.85 


0.83 





[00 5 2] S8J:^ *^iOt^U-^tffll,^7 
4. 

[0 0 5 3] 

t) , ^©JMBJMi><b-*fcJt'<«*ttiW 

[Bffi©fB*fci8B.§] 

i ] ttzwo-mmmic xzmwmRwv- 
**^tr«s«*o-flfi^-rai5»«eia7?**. 

[02] *»WO-iaMlKJ:4«fiWlW*/<V- 



[03] *5W3©«WWfiffl-fe/<I^-*0, EJ&tfX 

[04] *5W30jifi«fiffl-t/<U-*0, JSfStfX 
ffl£t»Rtf *&Xfcilfc«{* t ©g$*ffi©fl5:K©-#iJ£^ 

[£«©IKE] 



1 • • 




40 2 • • 




3 ■ • 


• 7/-F 


4 • • 




5 • • 




6 • • 


•7;W>f nm 


7 • • 




8, £ 


) • • • EfStfxaftil 


10- • 


• £?L»7;bv^ hi 


11 • • 


• «!&g7;l/V>f M 



-9- 




-10- 



